bleeding.'`The validity of these endoscopic signs studied individually or collectively, remains to be assessed. Moreover, subjective bias and inter-
, hepatoma in one, and hepatic outflow obstruction in one (Table 1 ). There were 95 (75%) men and 31 (25%) women with a mean (SD) age of 28 (17) (range 1-70) years. While the diagnosis of cirrhosis was made on histological and clinical features, the diagnosis of non-cirrhotic portal fibrosis and extrahepatic portal vein obstruction was made according to the criteria described earlier.'`Severity of liver disease was assessed using Child's criteria. '9 Patients were informed about the nature of the study and consent was obtained. No patient was on regular sclerotherapy or on other treatment for portal hypertension.
ENDOSCOPIC EVALUATION
The endoscopic evaluation of oesophageal varices was done by two independent observers at the first endoscopy in non-bleeders, active, recent, and old bleeders. As sclerotherapy is our first line management for patients with active variceal bleeding, " in five of the nine patients who had presented with an acute variceal bleed, emergency endoscopic sclerotherapy was carried out to control the bleeding and intravariceal pressure was measured three to seven days later at second endoscopy. In the other four patients, intravariceal pressure was measured before emergency sclerotherapy. Sengstaken-Blakemore tube was not used at any time for the control of variceal bleeding. (Cw) and blue (Cb) colour, (b) red colour signs: dilated small vessels or microtelangiectasia on the variceal surface and was subdivided into cherry red spot, redwale marking and haematocystic spot. Depending on the number and extent of distribution, each of these three red colour signs was graded as absent (-), 1 +, or 2+, (c) form of varices: small straight varices (F1), enlarged tortuous varices occupying less than one third of the oesophageal lumen (F2), and largest sized coil-shaped varices, occupying more than one third of the oesophageal lumen (F3), (d) location: the longitudinal extent of the varices and this was subdivided into varices which were located in the lower third of the oesophagus, locus inferior (Li), varices extending up to the tracheal bifurcation, locus medialis (Lm), and varices which extended beyond the tracheal bifurcation, locus superior (Ls). In addition to these four main features, presence of oesophagitis (E) was also carefully looked for.
INTRAVARICEAIL PRESSURE MEASUREMENT
Intravariceal pressure was recorded in 101 patients. In the non-bleeders, the procedure was carried out electively and care was taken to withdraw the endoscope only after ensuring adequate haemostasis at the puncture site. In an occasional patient, a small amount of alcohol was injected for sclerosis. Pearson's correlation between intravariceal pressure and variceal bleeding was also calculated. Multivariate analysis was done by applying step-wise multiple regression analysis with the help of the SAS programme using the forward option. This was followed by linear discriminant function analysis to classify bleeders and non-bleeders using the significant variables identified by the multiple regression.
Results
The demographic profile and the aetiology of portal hypertension in the variceal bleeders and nonbleeders is shown in Table 1 . There was no significant difference in the mean age, sex distribution, and aetiology of portal hypertension between the two groups of patients. All 12 variables were individually and collectively analysed to assess their variability or the chance for correctly predicting variceal bleeding. The three endoscopic signs studied, cherry red spots, red wale markings and haematocystic spots were significantly (p<0-0001) more often present in bleeders than in non-bleeders (Table 2) . When these features were present only in mild to moderate (1 +) degree, however, bleeders and non-bleeders could not be correctly separated. Therefore, for discriminant function analysis, only presence (+) or absence (-) of each of the three red colour signs was taken into account. The three endoscopic red colour signs together explained only 3.0% variability, the maximum contribution being from the presence of cherry red spots. Table 3 by combining the subgroups. Figure 1 and (Table 3) .
Intravariceal pressure was found to be significantly higher when patients with one or more red colour signs were compared with those in whom these signs were absent (23.5 (10.5) v, 11-9 (6.6) mmHg respectively, p<0-001). Intravariceal pressure in variceal bleeder and non-bleeder patients because of different aetiologies of portal hypertension is shown in Figure 2 . There was no significant difference in the mean (SD) intravariceal pressure in bleeders with portal hypertension caused by cirrhosis (20- bleeder, Xl -colour of varices, X2 -presence of cherry red spots on the varices, X3 -presence of red wale markings, X4 -presence of hematocystic spots, X5 -Conn's grading of the size of oesophageal varices and X6 -intravariceal pressure.
On substituting the values of these six variables for a patient, if the equation resulted in a value of more than 0-5, the patient was identified as a bleeder and if otherwise, then as a non-bleeder. Based on this discriminant function, 81% of the non-bleeders and 85% of the bleeders could be correctly classified.
Discussion
The search for the mechanisms of variceal rupture and the factors influencing variceal bleeding continues. ' figure 2 , only two of the 72 bleeders had a variceal pressure of less than 12 mmHg.
Significant importance has been given by Japaneses' and German"`workers to the endoscopic appearances of varices. In the present study, we carefully looked for the reliability of these signs. While it was clear that white coloured varices rarely bleed, the converse was not true. Only 63%o of the blue varices had bled. Presence of the red colour signs, namely cherry red spots, red wale markings and haematocystic spots was significantly more often associated with variceal bleeding, but it was not discriminatory. Patients with a positive red colour sign also had a significantly (p<0.0l) higher mean intravariceal pressure than those in whom this sign was not visible. Similar observations have also been reported by Kleber and coworkers."'' These investigators did not correlate variceal pressure or red colour signs with the frequency of variceal bleeding.
Non-cirrhotic portal fibrosis and extrahepatic portal vein obstruction are very common causes of portal hypertension in developing countries such as India. The initial presentation of the majority of patients with these diseases is with variceal bleeding."'5-'s In the present series of 126 patients, 47% patients had cirrhosis, 28% had non-cirrhotic portal fibrosis, and 24% had extrahepatic portal vein obstruction. It is to be noted that while only 44% of the cirrhotics presented with a variceal bleed, 66% of the non-cirrhotic portal fibrosis, and 70(% of the extrahepatic portal vein obstruction patients presented with a variceal bleed. Intravariceal pressure was not significantly different in patients with the three different actiologies of portal hypertension indicating that intravariceal pressure is probably not responsibie for the higher frequency of bleeding in non-cirrhotic portal fibrosis and extrahepatic portal vein obstruction. It seems reasonable to assume that as paticnts with non-cirrhotic portal fibrosis and extrahepatic portal vein obstruction have good liver functions"'`'s unlike cirrhotics, they present only after a variceal bleed or with symptoms caused by a massive splenomegaly.
While it is known that after a bleed, patients with Child's C cirrhosis have a less favourable prognosis than patients with Child's A,"' it is uncertain whether the former bleed more often than the latter. Our results did not reveal any significant difference in the bleeding rates of patients with different Child's grades of liver disease. These observations, however, should be interpreted with caution as the population of portal hypertension patients in the West almost totally consists of cirrhotics. In the present study, 53% of the patients did not have cirrhosis of the liver and the majority of the cirrhotics belonged to Child's A class of liver disease.
One of the important observations of our study was that even after collectively evaluating all the 12 known variables, only 54% variability for predicting variceal bleeding could be explained. In other words, there remained other variables influencing variceal bleeding, which are either unknown or cannot be evaluated at present. In the latter group falls an important variable, the thickness of the variceal wall. Groszmann suggested with the help of La Place's law {T=TP (r/w), where T is the variceal wall tension, TP is the transmural pressure -that is, the gradient across the wall and r is the radius of the varix and w is the thickness of the varix},2 that the wall tension increases out of proportion to the rise in pressure in blood vessels.+" This is because a rise in the pressure causes an increase in the radius and a decrease in the wall thickness. Unfortunately, at present the applicability of La Place's law is hypothetical, because there is no known technique to measure the thickness of the variceal wall accurately. Endoscopic ultrasound may be of help in the future. ' The discriminant function obtained using the six most important predictors was found to be able to correctly identify bleeders from non-bleeders in more than 80% of the patients with portal hypertension. This investigation combined endoscopic, haemodynamic and clinical parameters and is probably the first concerted report in the literature to correctly identify variceal bleeders. While the discriminant function equation developed is expected to be helpful in correctly predicting variceal bleeders, the search for the unknown variables influencing variceal bleeding should continue.
